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Introduction
Recent tsunamis, including the February 27, 2010 Chile tsunami (Morton and others, 2010) , the September 29, 2009, Samoa-Tonga tsunami (Lay and others, 2010 ) and the December 12, 2004, Indian Ocean tsunami (Lay and others, 2005; Titov and others, 2005) , have emphasized the need to assess tsunami hazards worldwide to help mitigate the impacts, including loss of life and property and damage to cities, communities and infrastructure, that these events can bring. Over the last two decades, tsunami deposit investigations have become a key component in efforts to evaluate tsunami risk to communities.
Tsunami deposits are often used in the evaluation of tsunami hazard. Tsunami hazard maps use tsunami deposits to validate and to expand on the results of tsunami inundation modeling (Priest and others, 1997; Walsh and others, 2000) . A probabilistic tsunami hazard assessment used tsunami deposit evidence from the 1964 Alaska and the 1700 Cascadia tsunamis in combination with modeling results to include tsunami inundation in modernizing Federal Emergency Management Agency (FEMA) flood hazard maps for portions of the Oregon coast (Tsunami Pilot Study Working Group, 2006; Gonzalez and others, 2009 ). To evaluate potential sites for future nuclear power plants, the Nuclear Regulatory Commission requires tsunami deposit studies (Moore and Jaffe, 2007) . Tsunami deposit studies are important in evaluating the safety of other potentially hazardous coastal installations, such as liquid natural gas facilities (Ross and others, 2004) .
There is a need for clear methods to identify tsunami deposits in the geologic record. Tsunami deposit identification criteria have been derived from a number of sources, each criterion with their benefits and limitations. Criteria have been established based on sedimentary characteristics of paleotsunami deposits (Dawson and Shi, 2000; Schlichting and Peterson, 2006) . The benefit of this approach is that it uses tsunami deposits as they appear in the geologic record and as they are seen in paleotsunami deposit studies. A problem with this approach is that the identifying sedimentary characteristics are based on interpreted rather than known tsunami deposits. Another problem is that only a limited portion of the tsunami deposit can be seen in the cores, cutbanks, and trenches used to evaluate the deposits. Tsunami deposit characteristics have also been derived from inverse modeling of tsunami depositional processes Moore and others, 2007; Soulsby and others, 2007) . The benefit is that tsunami depositional processes are taken into account in establishing deposit characteristics. However, modeling studies usually rely on a set of idealized or simplified parameters or assumptions that may neglect the complications of an actual tsunami deposit Moore and others, 2007; Soulsby and others, 2007) . Several studies address the specific issue of distinguishing tsunami deposits from storm deposits (Nanayama and others, 2000; Goff and others, 2004; Tuttle and others, 2004; Kortekaas and Dawson, 2007; ; these studies are limited to only one aspect of the problem and need to be used in conjunction with other tsunami deposit identification studies. Many previous studies have recognized the need to base the identifying criteria for tsunami deposits in the geologic record on modern tsunami deposits (Nanayama and others, 2000; Kortekaas and Dawson, 2007; . These previous studies are limited to specific regions and tsunamis. Peters and Jaffe (2010) compiled a database of the results of studies documenting the sedimentary characteristics of recent tsunami deposits for use in evaluating tsunami deposit characteristics. The database includes data from 51 publications documenting tsunami deposits from 15 recent tsunamis ( fig. 1 , Appendix 1). We use data from these studies to derive a set of tsunami deposit characteristics and identification criteria based on recent tsunami deposits.
Limitations to the approach presented here are that sedimentary characteristics based on modern unequivocal tsunami deposits provide no data on how tsunami deposits look where they are preserved in the geologic record. More needs to be learned about how tsunami deposits change over time and recent tsunami deposits provide a perfect opportunity to study tsunami deposit preservation and alteration, at least in the short term. Only one study included in the database addresses these issues (Nichol and Kench, 2008) . In this study we discuss limitations of the approach including which environments are most likely to preserve tsunami deposits (not necessarily those studied), which characteristics are the likeliest to be preserved, and which characteristics are most likely to be altered or destroyed by postdepositional processes.
We conclude by presenting an approach for identifying tsunami deposits in the geologic record based on sedimentary characteristics of recent tsunami deposits. This approach emphasizes the development of site-specific identification criteria that take into account tsunami depositional processes, depositional environments, surrounding environments, and sediment sources, in conjunction with known historic or prehistoric tsunami occurrence, geologic evidence for tsunami potential, and modeling studies. The identification criteria presented here are a valuable tool for use in determining a tsunami origin for a deposit.
Figure 1.
World map showing the locations of recent tsunami deposits used in this study and in the Recent Tsunami Deposit Database. The points represent the exact, representative, or estimated locations of study sites. These points do not clearly indicate the lateral extent of the tsunami deposits, which in many cases covered large portions of the coastline. 
Sedimentary Characteristics of Recent Tsunami Deposits

Deposit Thickness and Geometry
Investigations of recent tsunami deposits recorded sediment thicknesses ranging from a thin veneer of sand to deposits up to 150 cm thick (Peters and Jaffe, 2010) . Deposits were commonly less than 20 cm thick and rarely exceeded a few tens of centimeters. Thicker accumulations of sediment tended to be localized. Most tsunami deposits investigated are in the form of continuous sand sheets. Lobe-shaped deposits occur in several localities (Nanayama and Shigeno, 2006; Kench and others, 2007; Matsumoto and others, 2008; Nichol and Kench, 2008) . Where sedimentation is minimal, deposits may only occur as thin patches filling depressions (Razzhigaeva and others, 2006) . Where the deposit consists of larger grain sizes, such as cobbles or boulders, the deposits may be scattered or patchy (Hawkes and others, 2007; Higman and Bourgeois, 2008; MacInnes and others, 2009a; Paris and others, 2009; Yawsangratt and others, 2009) .
Tsunami deposits generally thicken over a short distance after a zone of erosion that may extend up to several tens of meters inland from the shore, then thin landward, extending to near the limit of inundation, where the deposits may become discontinuous and patchy. In some cases, a clear landward thinning of the deposits was not obvious, particularly if the deposits were thin near the coast or if thickness was controlled mainly by local topography (Hori and others, 2007) . Deposit thickness may be relatively constant throughout most of the depositional zone with abrupt thinning at the distal end (Richmond and others, 2006) . Local discontinuity around obstructions, such as tree trunks, has been reported (Morton and others, 2008) , as has thickening in front (seaward) of obstructions such as walls (Razzhigaeva and others, 2006) . In many cases, thickness is variable and typically follows local topography; deposits thin over local highs and are thicker where deposits fill local depressions. Topographically controlled variations in sediment thickness were common where variations in topography were large, such as in ridge-and-swale topography (Jaffe and others, 2006) (fig. 2) . Variability in thickness was also observed on a much smaller scale. In places where tsunamis inundated agricultural fields, deposits were thickest on the lee side or bottom of the furrows and thinned along the furrow crests (Bourgeois and others, 1999; . Topographic profile, tsunami deposit thickness, and tsunami flow depths and elevations at Jantang, Sumatra, Indonesia, following the December 26, 2004 tsunami. Photographs of the tsunami deposit are from trenches at 149 m, 254 m, 350 m, and 514 m. Tsunami deposit thickness varied along the transect, responding to topographic changes, and there was a zone of erosion seaward of the tsunami deposit. 
Grain Size
The grain sizes found in recent tsunami deposits ranged from clay to boulders and were largely a function of what material was available to transport. The sand fraction is most commonly noted in studies of recent tsunami deposits and in many cases makes up the largest part of the tsunami deposit. Silt and clay are usually present to some degree in sandy tsunami deposits, but also may be deposited separately from the sand, forming a distinctive unit between layers and sometimes form a surface cap ( fig. 3A) . Mud may be the only material present at the distal end of the tsunami deposit .
Large Grain Sizes (Granules, Pebbles, Cobbles, Boulders)
Large grain sizes were found at many recent tsunami deposit sites. Pebbles were a common component of many tsunami deposits. Cobble-sized clasts were also found in several deposits (Sato and others, 1995; Higman and Bourgeois, 2008; MacInnes and others, 2009a,b; Morton and others, 2010) . At La Quinta, Peru, cobbles from the June 21, 2001, tsunami were scattered both at the surface and within the deposit (fig. 4A ). The source of the cobbles was a cobble berm at the shoreline. Tsunami-deposited cobbles directly behind the berm formed a continuous narrow band and were imbricated, showing landward transport ( fig. 4B) .
The transport and deposition of boulders was documented at several sites. Shepard and others (1950) observed rocks and coral boulders up to 12 feet (3.7 meters) wide in Hawaii, USA, following the April 1, 1946, tsunami. Higman and Bourgeois (2008) describe boulders composed of large blocks of beachrock in deposits from the September 2, 1992, tsunami in Nicaragua. Shi and others (1995) found that in deposits from the December 12, 1992, tsunami at Riagkrok, Flores Island, Indonesia, where the tsunami runup was in excess of 26 m, deposition of coral boulders was widespread. In other places on Flores Island where runup was considerably less (2-5 m), sediments were largely composed of sand. On Babi Island, a small circular island 5 km off of the coast of Flores Island, where maximum runup was 5.6 meters, coral boulders were also deposited by the December 12, 1992, tsunami (Minoura and others, 1997) . boulders deposited by the tsunami. Typically meter-scale, the boulders ranged in size from 0.3 m to 7.2 m. The boulders were composed of coral, beachrock, and limestone. Razzhigaeva and others (2006) reported large blocks of reef transported landward 400 m. at Langi on Simeulue Island off of the coast of Sumatra, Indonesia. Goto and others (2009) documented thousands of meter-scale boulders composed of coral reef material at Pakarang Cape, Thailand. Kelletat and others (2007) describe boulders from locations near Phuket, Thailand, weighing up to 40 tons, including two granite boulders dislocated up to 5 meters. Transport distances may have been significantly greater because the source of boulders was several hundred meters offshore. Yawsangratt and others (2009) describe 18 granite boulders from Phang Nga Province, Thailand. The average weight was 2.14 tons and maximum weight was 6.32 tons. The boulders were scattered on a flat plain between 30 and 140 m from shoreline with almost half lined up in a row about 80 m from the coastline. Fresh, unweathered surfaces and rims of oyster shells indicated origin at modern coastline. In Sri Lanka, Goff and others (2006) also observed boulders deposited by the tsunami. In the Maldives, Kench and others (2007) document boulders of beachrock up to 2 meters long transported 3 meters. Narayana and others (2007) 
Grading
At recent tsunami sites, grading was observed both laterally and vertically. Recent tsunami deposits generally show a landward-fining trend Morton and others, 2008; Jagodziski and others, 2009; MacInnes and others, 2009b) , although this characteristic was not universal. At the seaward edge, a narrow landward-coarsening band is common. Local landward coarsening of the deposits was also observed (Razzhigaeva and others, 2006; Higman and Bourgeois, 2008; Morton and others, 2008; Srinivasalu and others, 2009) . A landward coarsening trend, usually restricted to the first 10-15 meters of the deposit, was observed on several islands in the Maldives following the 2004 Indian Ocean tsunami (Kench and others, 2007) . At Yala, Sri Lanka, cross-shore grading trends were dependent on landward distance and depth within the deposit (Morton and others, 2008) .
Figure 5.
Basalt boulder transported by the December 29, 2010 tsunami in Samoa. Photograph courtesy of Bruce Richmond.
Normal grading was common in tsunami deposits. A tsunami deposit may consist of one normally graded layer (see Gelfenbaum and Jaffe, 2003) or consist of multiple layers, with one or more layers normally graded (Minoura and others, 1997; Gelfenbaum and Jaffe, 2003; Jaffe and others, 2006; Razzhigaeva and others, 2006; Hawkes and others, 2007; Hori and others, 2007; Choowong and others 2008; Jackson, 2008; Srinivasalu and others, 2009) (fig. 3A, B, C; fig. 6 ). In some cases, only the upper portion of a layer was normally graded. Massive (ungraded) tsunami deposits were also common (Razzhigaeva and others, 2006; Richmond and others, 2006; Jackson, 2008; Srinivasalu and others, 2009) (fig. 3E ). Massive or normally graded sections may only be locally present (Hori and others, 2007; others, 2007, Srinivasalu and others, 2009 ). In some cases, inverse grading was observed at the base of the deposit or within the deposit (Jaffe and others, 2006; Nanayama and Shigeno, 2006; Richmond and others, 2006; Jackson, 2008; Morton and others, 2008) . 
Grain Size Statistics
Statistical results calculated from grain size analyses were reported for several of the recent tsunami deposit sites investigated. The grain size statistics reported include mean, median, mode, standard deviation (sorting), skewness, and kurtosis. While numerical statistical results of grain size analyses were reported in several investigations (Nishimura and Miyaji, 1995; Nanayama and others, 2000; Gelfenbaum and Jaffe, 2003; Szczucinski and others, 2005; Razzhigaeva and others, 2006; Narayana and others, 2007; Nichol and Kench, 2008) , more often, non-numerical interpretations were provided. It is difficult to compare statistics from different studies because there is not a uniform protocol for sampling tsunami deposits and whole data sets are not included. Therefore, no attempt is made here to develop a statistical approach for developing tsunami deposit identification criteria based on these studies. The reader is referred to individual studies to evaluate sampling protocol and compare results between studies.
There is no characteristic value of mean, median or mode that can be used to determine a tsunami origin because the range of grain sizes in a tsunami deposit is largely controlled by the sediment source. These statistics may help determine a sediment source, but sorting processes during transport and deposition may alter the distributions (Shi and others, 1995) . Vertical and lateral changes in the mean and median are useful in determining grading. Nanayama and Shigeno (2006) found that a bimodal distribution in deposits from the 1993 Hokkaido tsunami indicated a marine sediment source and a terrestrial source.
The standard deviation of the grain size distribution provides a numerical measure of sortingthe smaller the standard deviation, the greater the sorting of the grain sizes in the deposit. Sorting in recent tsunami deposits ranged from very poorly sorted to very well sorted. Vertical and lateral trends in sorting were sometimes noted but no consistent trends were found. Morton and others (2008) noted both better sorting upwards and poorer sorting upwards in deposits from Yala, Sri Lanka, following the December 12, 2004, tsunami. Morton and others (2008) also observed the poorest sorting at the top of a deposit that otherwise exhibited a trend towards better sorting upwards and noted that sorting may vary with layers and within layers. Higman and Bourgeois (2008) observed better sorting at the top of deposits from the 1992 Nicaragua tsunami. Trends to poorer sorting inland were observed (Razzhigaeva and others, 2006; Monecke and others, 2008; Nichol and Kench, 2008) , as were trends towards better sorting inland (Razzhigaeva and others, 2006) . Trends in sorting are clearly dependent on local conditions and determined by interactions among wave properties, depositional environment, and sediment source.
Skewness is statistic that describes the asymmetry of a frequency distribution. Several authors investigating deposits from the 2004 Indian Ocean tsunami noted the skewness of grain size distributions but no clear trends were found. At Yala, Sri Lanka, Morton and others (2008) observed both finely skewed distributions and distributions that varied between finely and coarsely skewed over a 4 cm cycle. Skewness varied from strongly coarse to strongly fine in Thailand (Szczucinski and others, 2005; Yawsangratt and others, 2009) . Deposits from India and Kenya had distributions that were symmetrical to finely skewed (Bahlburg and Weiss, 2007) .
Kurtosis is statistic that describes the peakedness of a frequency distribution. A normal (Gaussian) distribution is mesokurtic, a flattened distribution is platykurtic, and a sharper-peaked distribution is leptokurtic. Kurtosis of grain size distributions from recent tsunami deposits varied widely. While Morton and others (2008) found the grain size distributions from most of the deposits sampled at Yala, Sri Lanka following the 2004 Indian Ocean tsunami to be leptokurtic, distributions ranged from platykurtic to very leptokurtic and kurtosis varied with depth and with unit within the deposit. On Phuket Island, Thailand, Szczucinski and others (2005) found grain size distributions at most sites to be leptokurtic to very leptokurtic, although at one site, the distributions were mesokurtic to platykurtic. At Tamil Nadu, India, distributions were mesokurtic to leptokurtic (Bahlburg and Weiss, 2007) . Dawson and others (1996) found that kurtosis and skewness paralleled each other closely but did not correspond with changes in sorting or the mean.
Layers
Internal layering was commonly observed in recent tsunami deposits. The number of layers present ranged from 1 to 7 (Peters and Jaffe, 2010) . Tsunami deposits having one or two layers were most common, while deposits having more than four layers were rare. Layers were usually delineated by changes in the grain size of the deposits. A thin layer of fine sand, silt, clay, or mud sometimes separated the layers Razzhigaeva and others, 2006) (fig. 3A, B) . In this report, the sequence of a layer of sand capped by a thin layer of mud is termed a single layer. A thin layer of dark or heavy minerals sometimes separated layers Bahlburg and Weiss, 2007; Jackson, 2008; Srinivasalu and others, 2009) (fig. 3C ). Some layers consisted of 2 or more normally graded sequences (for example, Shi and others, 1995; Gelfenbaum and Jaffe, 2003; Morton and others, 2008) . The number of layers was not always constant within any one deposit. For example, the number of layers was observed to decrease landward in deposits from the 2001 Peru tsunami .
Contacts
Sharp or abrupt basal contacts characterized the deposits.The basal contacts were often erosional, and in some cases were irregular or undulating ( fig. 3A, B, D, E, F ). An important incidence of a non-erosional basal contact is where tsunami-deposited sediments overlie a prior vegetated surface (Nishimura and Miyaji, 1995; Gelfenbaum and Jaffe, 2003; Jaffe and others, 2006; Higman and Bourgeois, 2008; Kelletat and others, 2007; MacInnes and others, 2009a,b; Morton and others, 2010) ( fig. 3E ). Bent vegetation (flop-overs) at this surface may provide indications of flow direction and, in paleotsunami deposits, may provide good material for radiocarbon dating. The field surveys were usually conducted before an overlying deposit had time to develop. Therefore, upper contacts were rarely observed. Where sediment was present overlying the tsunami deposit, the upper contacts were gradational to sharp (Jackson, 2008) .
Surface Features
Recent tsunami deposits are usually found at the surface, providing an ideal opportunity to observe the surface of the deposit. Surface features of tsunami deposits may be preserved in the geologic record. A layer of mud, silt, clay, or other fines often caps the tsunami deposits. Mud cracks may form in this surface layer (Jaffe and others, 2006) (fig. 7) . Very coarse material such as cobbles or boulders may be present at the surface, overlying the tsunami-deposited sand Higman and Bourgeois, 2008; Paris and others, 2009) . Coherent blocks of mud or other underlying material may also be present at the surface other, 2010) (fig. 4A ). Shells and shell fragments were present at the surface of some of the tsunami deposits investigated. On Babi Island, following the 1992 Flores tsunami, molluscan shells were present at the surface of the tsunami deposit (Minoura and others, 1997) . Shells were present at the surface of most sites investigated on Papua New Guinea following the June 17, 1998, tsunami and whole sand dollars were found up to 500 m inland . In the Maldives, Halimeda flakes and coral fragments were observed at the surface (Kench and others, 2007; Nichol and Kench, 2008) . Current ripples may be present, often with their steep side dipping seaward indicating they were formed by return flow (Nishimura and Miyaji, 1995; Sato and others, 1995; Nanayama and Shigeno, 2006; Choowong and others, 2007; Choowong and others, 2008) . Salt encrustation may be present where ponded seawater evaporated (Srinivasalu and others, 2009 ). In the absence of rapid burial, the surface deposits may be reworked (Hori and others, 2007) . In Chile, following the February 27, 2010, tsunami, portions of the surface of the tsunami deposit was modified by eolian processes (Morton and others, 2010) .
Grain Surface Texture
The angularity of clasts in a tsunami deposit can be useful for determining sediment source. Grain surface texture is unlikely to change during transportation by a tsunami due to the short distances and brief transport time involved. Sediments from surrounding coastal environments that are potential sediment sources may have distinguishing grain surface textures. While seldom reported in recent tsunami deposit studies, this characteristic was noted in two studies. In Thailand, following the Indian Ocean tsunami, angular mineral fragments were identified as having been transported from the beach and foreshore (Kelletat and others, 2007) . Rounded cobbles were present within and at the surface of tsunami deposits composed primarily of sand and mud overlying agricultural fields at La Quinta, Peru ( fig. 4A) . Rounding of the cobbles took place prior to the tsunami. The source of the rounded cobbles in the tsunami deposit was a cobble beach and berm at the shoreline (fig. 4B ). At this site, neither sand nor mud was present at the beach. The mud was eroded from the agricultural fields inundated by the tsunami and the sand was likely transported from offshore. Mud cracks at surface of tsunami deposit at Kuala Meurisi, Sumatra, Indonesia. December 26, 2004 tsunami. Photograph courtesy of Guy Gelfenbaum.
Composition
The composition of tsunami sediments reflects the local coastal environments from which the sediment is derived Goff and others, 2006; . At Playa Jahuay, Peru, following the June 21, 2001, tsunami, the mineralogy of the tsunami deposit was similar to the sand found on the nearby beach and contrasted with mineralogy of the underlying fluvial sand (fig. 3C ). Carbonate sand was a common component of tsunami deposits in tropical settings, making up all or part of the deposit. In the Maldives, where the beaches were composed primarily of carbonate sand, so were the tsunami deposits (Nichol and Kench, 2008) . Coral reef material was a common component in regions where a reef was present (Minoura and others, 1997; Kelletat and others, 2007; Kench and others, 2007; McAdoo and others, 2008; Nichol and Kench, 2008; Goto and others, 2009 ). Beach rock was also a component of some deposits in tropical or sub-tropical settings Kench and others, 2007; Paris and others, 2009) . Siliciclastic sand was common in both tropical and non-tropical environments. Razzhigaeva and others (2006) noted that at Sibao, on Simeulue Island, Indonesia, the coarse-grained fractions of the deposit were composed of carbonate material, and the fine-grained fractions consisted largely of terrigenous particles dominated by quartz. Minerals commonly found in non-carbonate beach sand, such as quartz and feldspar make up a significant part of siliciclastic tsunami deposits (Razzhigaeva and others, 2006; Kelletat and others, 2007; Jackson, 2008) . In volcanic settings, rock such as pumice (Minoura and others, 1997) and volcanic glass (Razzhigaeva and others, 2006) 5 ). Micas may be concentrated in the upper portions of the deposit or layers within the deposit (Jagodziski and others, 2009 ). Heavy minerals, including magnetite, amphibole, ilmenite, garnet, zircon, rutile, monazite, and sillimanite, were present in the deposits (Razzhigaeva and others, 2006; Bahlburg and Weiss, 2007; Fritz and others, 2007; Narayana and others, 2007; Jackson, 2008; Jagodziski and others, 2009 ). Jagodziski and others (2009) found a depletion of tourmalines in the tsunami deposit compared to the underlying deposits.
Organic Material
Organic material was a common component of the recent tsunami deposits. Large piles of plant debris were common at the wrackline or in flooded areas. Debris at the wrackline was often beyond the limit of sedimentation and not covered by sediment and therefore may not be preserved in the geologic record. Scattered debris and small accumulations of plant material were common at the surface of many tsunami deposits, as were isolated fallen trees (Nanayama and others, 2000; Nanayama and Shigeno, 2006; Razzhigaeva and others, 2006; Monecke and others, 2008; MacInnes and others, 2009a,b; Srinivasalu and others, 2009 ). The orientation of trees and vegetation were often used by the field surveys to estimate flow direction (Jaffe and others, 2006; Umitsu and others, 2007; Dominey-Howes and Thaman, 2009; Jaffe and others, 2010) . Unless rapidly buried, surface vegetation is unlikely to be preserved in the geologic record. Debris in flooded areas has a greater preservation potential because sedimentation rates may be higher, promoting rapid burial, and the potential for erosion of the deposit may be less. Flooding of low-lying land surfaces due to coseismic subsidence along with accumulations of tsunami-deposited debris were documented in Sumatra following the Indian Ocean tsunami (Jaffe and others, 2006) . A layer of debris capping the tsunami deposit may be an identifiable characteristic of tsunami deposits preserved in the geologic record. Rooted grass and other vegetation were in some cases found within the tsunami deposit (Nishimura and Miyaji, 1995; Bourgeois and others, 1999; Gelfenbaum and Jaffe, 2003; Jaffe and others, 2006; Umitsu and others, 2007; Kelletat and others, 2007; Higman and Bourgeois, 2008; Morton and others, 2010) 
Shells
Shells and shell fragments were found in the recent tsunami deposits, both within the deposits ( fig. 3B ) and at the surface (Minoura and others, 1997; Nanayama and others, 2000; Nanayama and Shigeno, 2006; Hori and others, 2007; Choowong and others, 2008; Srinivasalu and others, 2009 ). Whole shells included mollusks (Razzhigaeva and others, 2006; Jackson, 2008) and sand dollars . In some cases, shells were abundant in the deposits (Matsumoto and others, 2008) while in other cases, shells were scattered (Morton and others, 2008) or rare (Dawson and others, 1996; .
Foraminifera and Diatoms
Foraminifera and diatoms were a focus of several tsunami deposit studies. Hawkes and others (2007) used differences between the total number of foraminifera present in the pre-tsunami sediments and the tsunami deposits and in the types present in the assemblages in order to differentiate tsunami deposits from pre-tsunami sediment and to provided estimates of sediment source and wave characteristics. In many cases the total number of foraminifera was greater in the tsunami sediments than in the pre-tsunami sediments. The tsunami sediments also contained both more shelf species than the underlying sediments and a more chaotic mix of species. The chaotic mix of species reflects the diverse sources of sediment entrained and deposited by the tsunami. Kokocinski and others (2009) found that diatom assemblages in the tsunami deposits included planktonic and benthic marine species as well as brackish and freshwater species. The assemblages consisted largely of frustules damaged by the tsunami. Foraminiferal assemblages in deposits from the December 12, 2004, tsunami in Tamil Nadu, India, indicate an inner shelf sediment source with a water depth of less than 30 m (Srinivasalu and others, 2009 ). Bahlburg and Weiss (2007) also found abundant tests of benthic species from shallow and protected shelf regions in water depth of less than 45 m. Monecke and others (2008) found that in Meulaboh, Sumatra, the diatoms in the tsunami sediments were mostly of fresh water or brackish origin.
In Sumatra, Indonesia, following the December 12, 2004, tsunami, Razzhigaeva and others (2006) found marine, brackish, and freshwater diatom and foraminiferal assemblages in tsunami deposits from Simeulue Island and the Medan coast. On Simeulue Island, the diatoms were dominated by sublittoral species. Tsunami sediments from the Medan coast contained diverse and abundant diatom assemblages including oceanic and neritic species absent from deposits on Simeulue. Razzhigaeva and others (2006) also found that the diatom assemblages found in the tsunami sediments were similar to those of the sediment source with the addition of selected marine species, suggesting that the selected marine species were entrained by the tsunami at sea, while the rest of the assemblage had its source in the sediments. Differences in the abundance and diversity of the diatom assemblages between layers of tsunami deposits can be attributed to the differences in the sedimentation rates of frustules and to the duration of periods of relatively low turbulence between waves. Large, thick-walled frustules were deposited with the coarse-grained sediments, while the current carried the smaller and thin-walled frustules away. In contrast, clayey sediments deposited in depressions during periods of low-turbulence contained a greater abundance of smaller and thin-walled frustules (Razzhigaeva and others, 2006) .
Sedimentary Structures and Other Characteristics
Sedimentary structures were rare or absent in some of the tsunami deposits investigated (Bourgeois and others, 1999; Gelfenbaum and Jaffe, 2003; Monecke and others, 2008) . However, a number of sedimentary structures occur, at least locally, within other tsunami deposits. Crossbedding was present in a number of the deposits. Srinivasalu and others (2009) found crossbedding in deposits from Tamil Nadu, India, following the December 12, 2004, tsunami. documented rare crossbedding in deposits from Sri Lanka, also following the December 12, 2004, tsunami. Bahlburg and Weiss (2007) report landward-dipping foresets while Sato and others (1995) report low-angle (5˚) seaward-dipping foresets. Current ripples were present in many deposits Nanayama and Shigeno, 2006; Choowong and others, 2007; Hawkes and others, 2007; Choowong and others, 2008) . Hawkes and others (2007) documented small 1.5 cm-high asymmetrical current ripples were draped with a fine organic debris layer 0.5 cm thick in deposits from the December 26, 2004, tsunami in Thailand. Landward-oriented current dunes were present in deposits in Thailand following the Indian Ocean tsunami; the dunes were formed during the uprush of the tsunami. The size of the bed forms decreased landward. Current ripples formed by the return flow were present in deposits from the December 26, 2004, tsunami in Thailand. (Choowong and others, 2007; Choowong and others, 2008) . Morton and other (2010) Several authors document plane-parallel bedding or laminae within the tsunami deposits (Fritz and others, 2007; Matsumoto and others, 2008; Morton and others, 2008; Nichol and Kench, 2008) . Following the Indian Ocean tsunami, in the Maldives, sand sheets had no bedding while sand lobes exhibit continuous landward-dipping tabular bedding (Kench and others, 2007) . At Busung and Gudang on the island of Simeulue, Indonesia, Razzhigaeva and others (2006) found well-developed horizontal wavy lamination emphasized by thin intercalations of silty-clayey mud and humic material. Matsumoto and others (2008) documented truncated flame structures in tsunami deposits in Thailand following the 2004 Indian Ocean tsunami and propose a model for their formation. While flame structures are commonly interpreted as dewatering structures, truncated flame structures are formed by a strong unidirectional current and are associated with multilayer tsunami deposits deposited by successive waves of the tsunami. Truncated flame structures are characterized by projections of the fine-grained upper portion of the underlying layer into the coarser grained lower portion of the overlying layer. The tops of the projections are inclined in the downstream direction and have flat truncated tops. Truncated flame structures form when the upper part of a layer deposit by a tsunami wave is deposited during the stagnant period between waves and contains a high percentage of mud, allowing ductile deformation by the subsequent wave. As this next wave passes over the first layer, the drag force induced by the current deforms the top of the underlying layer. Coarse-grained material transported by the second wave fills depressions within the deforming surface. The projecting part of the deformed surface is inclined in the direction of flow and erosion truncates the tops of the projections horizontally. The deposition of sediment with a high percentage of mud in the deformed layer is dependent on the long wave period of the tsunamis, which allows for a stagnant period between waves. Therefore, truncated flame structures may be useful to distinguish tsunami deposits from other events such as storms, which have short wave periods, or river flooding.
At Yala, Sri Lanka, following the 2004 Indian Ocean tsunami, scour and fill structures recorded two distinct erosional and depositional events (Morton and others, 2008) . The scour event removed approximately 7 cm of the upper part of the underlying unit. Post-depositional trample structures (deformation caused by humans or animals walking on the deposit surface) were found in tsunami deposits at Amecosupe, Peru . Of more importance, trample structures also were found in the underlying sand. The underlying trample structures allowed a clear distinction to be made between the tsunami-deposited sand and the very similar beach sand.
Rip-up clasts (clasts of coherent mud and soil eroded from the underlying surface, transported and deposited by the tsunami) were a common feature of recent tsunami deposits (Shi and others, 1995; Nanayama and others, 2000; Gelfenbaum and Jaffe, 2003; Fritz and others, 2007; Hawkes and others, 2007; Choowong and others, 2008; Matsumoto and others, 2008; Nichol and Kench, 2008; Paris and others, 2009; Srinivasalu and others, 2009; Srisutam and Wagner, 2009) . At La Quinta, in Peru, following the June 21, 2001, tsunami, mud rip-up clasts were present in the deposits and larger mud balls (coherent blocks of mud), ripped up from the underlying agricultural soil, were present at the surface ( fig. 4 ) and within the deposit . Small rip-up clasts of soil were present in deposits in Papua New Guinea from the July 17, 1998, tsunami (fig. 3D ). In the Kuril Islands, the 1996 tsunami eroded and deposited blocks of sod (MacInnes and others, 2009a,b) . These were more abundant and larger (up to 3 m diameter) on coarser-grained shorelines. At some sites, the soil blocks, composed of turf and soil, were flipped over landward yet still attached to adjacent turf (MacInnes and others, 2009b) .
Depositional Environments
Depositional environment may influence a tsunami deposit either by supplying sediment to the deposit or by altering flow conditions. Some characteristics are independent of, or only weakly dependent on, depositional environment. For example, tsunami deposits in most depositional environments had sharp or erosional basal contacts. In sandy tsunami deposits, regardless of depositional environment, normal grading is a common feature. Deposit geometry had some common characteristics that were not dependent on depositional environment. Tsunami deposits tend to thin landward, although not uniformly, after a rapid increase in thickness at the seaward margin of the deposit and may be patchy near the limit of sedimentation. Local variations in thickness may be related to the pre-existing topography, which varies with depositional environment. Where the number of waves controls layering within the tsunami deposit, layering is independent of depositional environment except along the margins or at topographic highs, where only the largest waves inundate. At Amecosupe, Peru, following the June 21, 2001, tsunami, the number of layers within the deposit decreased landwards with increasing elevation .
Tsunami deposits in coastal marsh, lagoon, and tidal channel depositional environments have the greatest preservation potential because high sedimentation rates promote rapid burial. Along with beach deposits, coastal marsh and tidal channel deposits are most likely to be submerged by coseismic subsidence associated with a tsunami. This subsidence further induces burial and preservation of tsunami deposits.
In coastal marsh and lagoonal deposits, mud commonly underlies the tsunami deposits (Jackson, 2008; Higman and Bourgeois, 2008) . Buried marsh plants may be preserved and can be used in paleotsunami deposits for radiocarbon dating and, if oriented by the tsunami, can be used to determine flow direction (Atwater and Hemphill-Haley, 1997) . Mud is a common component of tsunami deposits in coastal marsh, lagoon, or tidal channel settings and key characteristics for distinguishing tsunami deposits, such as mud rip-up clasts and mud caps, require a source for mud. Underlying mud also provides a sharp contrast with the overlying tsunami-deposited sand, facilitating identification of tsunami deposits. In low-lying areas subject to ponding by the tsunami, deposition of a mud cap may help preserve the deposit and layers within the deposit.
Tsunamis may travel farther inland up tidal channels than along open coast. Banks of tidal channels are often muddy or vegetated. Erosional contacts over muddy substrate may characterize the tsunami deposit or the deposit may directly overlie a vegetated surface. Where tsunamis inundate stream valleys, tsunami deposits can contrast with fluvial sediments in grain size, sedimentary structures, and composition .
On sandy beaches, there is often little contrast between the grain size or composition of the tsunami sediments and the underlying sediments . Where sandy tsunami deposits overlie sandy beach deposits, identification of the tsunami deposit may be difficult. However, sorting during transport and deposition can result in a contrast in grain size between the tsunami deposit and underlying sediments, usually occurring as either coarser sand or a heavy mineral lag at the base of the tsunami deposit. Also, coarser sand entrained from the swash zone may be deposited over finer sand farther inland. Sediment sources for tsunami deposits may include surrounding environments that contain non-sandy material. A mud source must be present in a surrounding environment for mudrelated features such as rip-up clasts, mud layers or a mud cap to be present in a tsunami deposit overlying beach sands. Similarly, large clasts must be present in the tsunami sediment sources for them to be present in the tsunami deposit.
On siliciclastic sandy beaches, most tsunami deposits were composed of siliciclastic sand. In carbonate environments, deposits were usually composed of carbonate sand, but siliclastic material may also be present. Where pebbles and cobbles were present on the beach, they were often present in the deposits. Even where beaches were composed primarily of large grain sizes, such as at La Quinta, Peru, ( fig. 4B) , the tsunami deposits inland may contain significant portions of sand ( fig. 3A) , suggesting that the sand was entrained in the nearshore .
On coastlines characterized by ridge-and-swale topography, tsunami deposits typically were thicker in the swales and thinner on the ridges. At Kuala Meurisi, in Sumatra, deposits were up to 34 cm thick in the swales, while on the ridges, the tsunami deposits ranged from a few centimeters to less than one centimeter. others, 2006, Gelfenbaum and . The thin deposits on the ridges have a lower preservation potential than the thick deposits in the swales. Where the swales are coseismically subsided below tide levels, the preservation potential of the fully or partially submerged tsunami deposits increases. While the original tsunami deposit may be continuous, the geometry of the preserved deposit may be a series of parallel rows of tsunami sediments separated by rows where the tsunami sediment has been eroded away.
Tsunami deposition on islands may differ from mainland settings. On Babi Island, following the December 12, 1992, Flores tsunami, the island's circular shape caused the greatest inundation to be on backside of island (Minoura and others, 1997) . Pulau Pangang, a small island off of the north coast of Sumatra near the village of Langi, was almost entirely overwashed except for the top of its small mountain (Razzhigaeva and others, 2006) . Erosion extended for up to 200 m inland on the side facing the tsunami, destroying a forest and palm grove; coral rubble was piled into a rampart 1.5 m high (Razzhigaeva and others, 2006) . Sandy sediments were thickest in the middle and back side of the island (Jaffe and others, 2006) . In the Maldives, even though maximum water levels were above the maximum elevation on several of the islands, entire islands were not inundated and deposition extended beyond the high sand ridge into the central depression to only a limited extent (Kench and others, 2007) . In places where the tsunami inundated the beach ridge, particularly in areas where heavy vegetation interrupted the tsunami flow, tsunami deposition in some cases took the form of sand lobes rather than sand sheets (Kench and others, 2007; Nichol and Kench, 2008) . The sand lobes consist of bodies of sand longer in cross-shore length than width and are commonly convex in cross section and tapered in a landward direction. The sand sheets contained no bedding while the sand lobes exhibited continuous landward-dipping tabular bedding. The limit of sedimentation did not usually penetrate far into the heavily vegetated central depressions of the islands (Kench and others, 2007; Nichol and Kench, 2008) No trend in sedimentary characteristics of recent tsunami deposits allowed clear differentiation between locally generated tsunamis and tsunamis that have traveled great distances. Deposit geometry, including inland extent and thickness, are, in part, dependent on the size of the tsunami, and for a given tsunami, tsunami height is generally greatest near the source. Deposit geometry also may be controlled by availability of sediment and preexisting topography. Certain coastal configurations can focus tsunami energy and when a tsunami comes ashore in these locations, a tsunami generated at a great distance may produce exceptionally large waves.
Preservation
While many sedimentary characteristics have been described in studies of recent tsunami deposits, it is important to note (1) which characteristics will be preserved in the geologic record, (2) how they may be altered, and (3) how they will appear in cores, cutbanks, or other methods of investigating paleotsunami deposits. Grain size statistics and grain size trends may be post-deposionally altered. The top of the deposit may be eroded before burial and preservation of the remaining deposit. Mud may infiltrate spaces between sand grains, making originally clean sand deposits appear muddy and shifting the median and mean towards the finer end of the grain-size scale. Vertical grain size trends from deeper within the deposit, such as grading or bedding, may be preserved from erosion but bioturbation may obscure, alter, or destroy original bedding or grain size trends.
Large-scale deposit geometry is likely to be altered over the course of time. The original thickness of deposits may be altered due to erosion or reworking of surface and the sediments may become compacted. Seaward margins may be eroded by high tides or storms and landward margins, which are often thin and patchy to begin with, may be obscured, altered or destroyed. To some degree, an estimate of original deposit geometry may be inferred from correlative preserved remnants of a once larger deposit. Chemical alteration may occur, including soil development on surface deposits. Once buried, tsunami deposits composed of clean sand are often the easiest pathway for ground water or roots, particularly when the sand deposits are located in muddy environments, enhancing the potential for post-depositional chemical alteration. In the absence of rapid burial, surface features, such as ripples, may not be preserved.
The sediments typically examined in recent tsunami deposit studies and in the sediments most likely to be preserved in the geologic record are not necessarily the same. Tsunami deposits that have been studied in post-tsunami field surveys are usually subaerially exposed. These deposits will be subjected to high levels of erosion, mechanical and chemical weathering, and bioturbation. Deposits with the highest preservation potential are deposits likely to be rapidly buried. Coseismic subsidence accompanying a tsunami can submerge low-lying tsunami deposits below the high tide line. Figure 8 shows a coseismically subsided marsh at Lhok Kruet, Sumatra, Indonesia, that was inundated by the December 26, 2004, tsunami. In coseismically submerged coastal marshes and tidal channels, the low energy and high sedimentation rates favor rapid burial, creating a high preservation potential. Coseismically subsided marshes preserve paleotsunami deposits in Cascadia (for example, Atwater, 1987) . Fully or partially submerged deposits may lack some of the surface features observed in subaerially exposed deposits. For example, mud cracks will not likely be present because surface mud will not get a chance to dry out. More studies of coseismically submerged marshes are needed in order to document any differences in tsunami sedimentation patterns between subaerially exposed tsunami deposits and coseismically submerged tsunami deposits, and to investigate which features of the tsunami deposit will be altered and which will be preserved in a cosiesmically submerged setting.
Original sedimentary structures and contacts may be altered or destroyed by bioturbation. Yawsangratt and others (2009) noted that tsunami deposits in Phang Nga Province, Thailand, had been preserved 3 years after Indian Ocean tsunami but showed signs of bioturbation. Post-depositional changes related to plant growth and root development obscured sedimentary structures within the deposit but the basal contact was still sharp and readily visible. In the Maldives, two years after the Indian Ocean tsunami, deposits were clearly recognizable but modified. There was localized bioturbation by crabs and insects at the landward edge and along the seaward edge, and parts of the tsunami sand sheet had collapsed into the beachface (Nichol and Kench, 2008) .
Figure 8.
A marsh at Lhok Kruet, Sumatra, Indonesia, coseismically subsided and submerged by the December 26, 2004 earthquake and inundated by the tsunami. Deposits submerged in this marsh may have a greater preservation potential than sediments deposited on the surrounding coastal plain. Note fallen pillars in the foreground indicating the tsunami's inland flow direction.
Developing Tsunami Deposit Identification Criteria
An approach to identifying tsunami deposits in the geologic record is to identify deposits consistent with tsunami deposition and if possible, to eliminate all other processes that could be responsible for the deposit. In many cases, it will not be possible to eliminate, with any certainty, all other possible depositional processes. If other depositional process cannot be eliminated from consideration, the best that can be done is to determine whether or not a tsunami most likely created the deposit. To determine if a deposit is consistent with tsunami deposition, we have derived a list of tsunami deposit characteristics, based upon recent tsunami deposit studies, which are likely to be preserved in the geologic record. Note that the following list is only to determine consistency with tsunami deposition and does not necessarily eliminate other processes from consideration.  Sharp or erosional basal contact -Most recent tsunami deposits, regardless of depositional setting, had a sharp contact with the underlying material. In many cases, this contact was erosional.
A notable exception to an erosional contact is where the tsunami deposit overlies the preexisting vegetated surface. Unless the contact has been altered, such as by bioturbation, a gradual contact is not characteristic of a tsunami deposit.  The deposit geometry forms landward-thinning sand sheets -In most cases, recent tsunami deposits formed sand sheets. The geometry and extent of the sand sheets depended on the size of the tsunami, available source material, and the pre-existing topography. In most cases, the deposit thinned landward, often becoming patchy near the limit of inundation. Portions of the deposit may not be preserved, particularly where the deposit becomes thin or patchy near the limit of sedimentation. In a paleotsunami deposit investigation, determining large-scale deposit geometry requires a dense grid of cores, cutbanks, and trenches to map out variations in thickness and extent of the candidate tsunami deposit. In addition, data at additional sites not included in the original sampling grid may be necessary to determine the geometry at the margins of the deposit or to understand local variations in deposit thickness.  Deposit thickness -Most recent tsunami deposits were within a range of 1-30 centimeters thick with thicker accumulations of sediment in swales and depressions. The maximum thickness recorded was 150 cm (Srinivasalu and others, 2009) . Some deposits thinned to less than a centimeter near the limit of inundation or on ridges or other high ground.  Few depositional layers -Recent tsunami deposits typically had 1-4 layers. Each layer usually represented a separate depositional unit formed by separate waves in the tsunami wave train. Where planar bedding or laminations occurred, this was usually within the separate depositional layers. The thickness of individual layers was usually on the order of one to several centimeters, although this was dependent on the overall thickness of the deposit. Where more than one layer was present in a deposit, the number of layers commonly decreased landwards. However, in some cases, the number of layers within a deposit did not change or increased landwards.  Normal grading -Normal grading was a common feature of recent tsunami deposits where the deposit consisted primarily of sand. Where a tsunami deposit was composed of more than one layer, normal grading was often a characteristic of each layer and often only present at the top of a layer. Normal grading often provided the means of distinguishing layers within a deposit. Normal grading was rarely present throughout the whole deposit. Often, large portions of the deposit were ungraded. Ungraded tsunami deposits were also common and are consistent with tsunami deposition. Occasionally, inverse grading was seen in a deposit, usually at the base of a layer. While inverse grading is not a defining characteristic of a tsunami deposit, it is important to note that inverse grading does occur in tsunami deposits and that the presence of inverse grading does not eliminate the possibility of the deposit being created by a tsunami.  Mud cap -Where a source for mud was available, a thin layer of mud or finer material often draped the top of the deposit or the top of a layer within the deposit.  Rip-up clasts -Many deposits contained coherent clasts of material ripped up from the underlying substrate (usually mud or soil) within the deposit. This reflects the high energy of the tsunami and the relatively few number of waves. When there are more waves, such as during storms, there is a greater chance that the rip-up clasts would be broken apart.  Boulders -Boulders were a common and defining feature of several tsunami deposits. Most of the boulders were composed of blocks of coral although some were granitic in composition. Boulder deposition was usually restricted to isolated boulders but in some cases boulders were deposited in scattered fields. The boulder source was usually an offshore reef but in some cases, other neighboring environments, including hillsides backing the depositional area, were the source. Boulders may be preserved where other portions of the deposit are eroded away. However, boulder deposition may occur by other depositional processes, including large storms, and these other depositional processes must be considered when evaluating a tsunami origin for boulder deposits. Boulder evidence is best if corroborated by other tsunami evidence.  Sedimentary structures -Sedimentary structures were not common in the tsunami deposits and most of those observed are not unique to tsunamis. One notable exception is truncated flame structures. Although only documented at one site (Matsumoto and others, 2008) , truncated flame structures are dependent on processes unique to tsunamis and may be useful in identifying paleotsunami deposits. Other structures, such as crossbedding, parallel laminations, or scour and fill structures, may also be characteristic of sediments from surrounding environments or from other depositional process. It is important to note that these other structures can occur in tsunami deposits and that the presence of these structures does not eliminate a tsunami as a possible source.  Coastal sediment source -Tsunami sediments usually have a coastal source. Nearby coastal environments must be examined as potential sediment sources. Composition, grain size, and grain surface texture and marine or coastal fossil assemblages are sedimentary characteristics that can help tie potential tsunami sediments to a coastal source. It is possible that not all of the sediments in a tsunami deposit will have a coastal source. Sediments from interior terrestrial environments, transported to the depositional area by other processes, may be entrained by the tsunami and become a component of the tsunami sediments. Few recent tsunami deposit investigations observed all ten of these sedimentary characteristics at a single location. It is unlikely that a paleotsunami deposit will exhibit all of these features in a single core, cutbank, and trench, and perhaps not even within an entire site. If a deposit does not contain all of the characteristics listed above, it may still be consistent with tsunami deposition. While local conditions may create exceptions, characteristics that, unless altered, are important for a deposit to be considered consistent with tsunami deposition are (1) a sharp basal contact and (2) a coastal or adjacent sediment source. Thickness usually ranges from 1-20 cm, but may locally be thicker. Other characteristics, such as normal grading, offer a strong supportive argument but are not required for a deposit to be consistent with tsunami deposition.
The sedimentary characteristics of tsunami deposits presented here should be incorporated into site-specific identification criteria that take into account depositional environment, surrounding environments, and sediment sources. All other depositional processes that could account for the deposit must be considered and the differences between the sedimentary characteristics of deposits by these processes contrasted with those of tsunami deposits. Different characteristics may be necessary to evaluate each process. For example, a coastal sediment source for a deposit may eliminate fluvial deposition while normal grading and layering may be help eliminate storm deposition from consideration . The geologic potential for tsunamis at the site and the potential tsunami sources should be considered in all tsunami deposit studies. Also, inundation modeling may be useful to determine if the runup and inundation suggested by candidate tsunami deposits is compatible with potential tsunami sources. Available geological, historical, and paleotsunami studies from nearby or similar environments are also useful to supplement the tsunami deposit identification criteria presented in this report.
Conclusions
Investigations of recent tsunamis have provided a wealth of data on tsunami deposit sedimentary characteristics. Sedimentary characteristics common to the recent tsunami deposits studied include a sharp or erosional basal contact and deposits of sand sheets composed of few layers. The deposits were often massive, but normal grading, often within each layer, was a common and defining feature of the deposits. Massive deposits were also common, and in a few cases, inverse grading was observed. Boulders were a feature of some tsunami deposits. In muddy environments, rip-up clasts of mud and soil were common and mud often capped the deposit or layers within the deposit. Sedimentary structures were rare or absent from many of the tsunami deposits, but crossbedding and plane parallel laminations were documented. Truncated flame structures were observed in one of the deposits and this is directly and uniquely related to tsunami processes.
Tsunami sediments have a coastal or nearshore marine sediment source with possibly a small terrestrial component derived from erosion of the depositional environment or adjacent inland environments. Characteristics such as grain size, grain surface texture, and composition are more dependent on the sediment source than on the tsunami process. These characteristics are useful in linking a deposit to a coastal sediment source, which contributes to determining a tsunami origin for a sedimentary deposit, but cannot be used to distinguish tsunami sediments from deposits formed by other processes that tap a similar sediment source, such as storm deposits.
The preservation potential of the tsunami sediments and the sedimentary characteristics within the deposit will influence which characteristics will be useful as tsunami identification criteria and in which environments paleotsunami deposits will likely be found. Low-lying coastal marshes, tidal channels, and lagoons have the greatest preservation potential. They provide a source for mud, necessary for defining characteristics such as mud caps and rip-up clasts. The basal mud and often-vegetated soil provides a sharp contrast with tsunami-deposited sand that may be uncommon in these environments.
To plan for and help mitigate tsunami hazards, paleotsunami deposit studies are a valuable part of efforts to assess the tsunami hazard at a given site. Sedimentary characteristics derived from recent tsunami deposits provide a means of determining whether deposits preserved in the geologic record are consistent with a tsunami origin. These sedimentary characteristics of recent tsunami deposits, when considered in addition with other geological, historical, paleotsunami, and modeling studies, provide a means for developing the site-specific tsunami deposit identification criteria necessary to conduct effective paleotsunami deposit surveys. 
